We study the evolution of star-forming galaxies with 10 10 M < M * < 10 11.6 M over the redshift range of 0.7 < z < 1.2 using the emission line galaxies (ELGs) in the extended Baryon Oscillation Spectroscopic Survey (eBOSS). By applying the incomplete conditional stellar mass function (ICSMF) model proposed in Guo et al. (2018) , we simultaneously constrain the sample completeness, the stellarhalo mass relation (SHMR) and the quenched galaxy fraction. We obtain the intrinsic stellar mass functions for star-forming galaxies in the redshift bins of 0.7 < z < 0.8, 0.8 < z < 0.9, 0.9 < z < 1.0 and 1.0 < z < 1.2, as well as the stellar mass function for total galaxies in the redshift bin of 0.7 < z < 0.8. We find that the eBOSS ELG sample only selects about 1% to 10% of the star-forming galaxy population at the different redshifts, with the lower redshift samples to be more complete. There is only weak evolution in the SHMR of the ELGs from z = 1.2 to z = 0.7, as well as the intrinsic galaxy stellar mass functions for lower-mass galaxies of M * < 10 11 M . There is significant decrease of the stellar mass function for star-forming galaxies with redshift at the massive end. Our best-fitting models show that the central ELGs at these redshifts live in halos of mass M ∼ 10 12 M while the satellite ELGs occupy slightly more massive halos of M ∼ 10 12.6 M . The average satellite fraction of the observed ELGs varies from 13% to 17%, with the galaxy bias increasing from 1.1 to 1.4 from z = 0.7 to 1.2.
INTRODUCTION
The next-generation large-scale galaxy redshift surveys will probe much larger volumes into the deeper universe than the existing surveys, e.g., the 2dF Galaxy Redshift Survey (2dFGRS; Colless 1999 ) and the Sloan Digital Sky Survey (SDSS; York et al. 2000; Gunn et al. 2006) . Efficient tracers of the large-scale structure are necessary to probe the high redshift universe. For example, the Dark Energy Spectroscopic Instrument (DESI; DESI Collaboration et al. 2016 ) is targeting the luminous red galaxies (LRGs) up to z = 1.0 and the star-forming galaxies with strong nebular emission lines, a.k.a. the emission line galaxies (ELGs), up to z = 1.7. The Prime Focus Spectrograph (PFS; Takada et al. 2014) will target ELGs over a wide redshift range of 0.8 < z < 2.4 to constrain the cosmological parameters and study the galaxy evolution. The 4-meter Multi-Object Spectroscopic Telescope (4MOST; de Jong et al. 2016 ) also treats the ELGs as main targets for cosmological probes at redshifts 0.7 < z < 1.2. The Hobby-Eberly Telescope Dark Energy Experiment (HETDEX; Hill et al. 2008) will target more than a million ELGs of [O II] emitters at z < 0.5.
The [O II] doublet emitters are of particular interest to these high-redshift ELG surveys, as their strong emission lines at the rest-frame wavelengths of 3727Å and 3729Å will ease the accurate redshift measurements beyond z = 1, where the LRGs are no longer efficient cosmological tracers (Zhu et al. 2015) . These [O II] emitters are also important tracers of the cosmic star formation history (Kewley et al. 2004; Orsi et al. 2014) , as the cosmic star formation rate (SFR) peaks around z ∼ 2 (see e.g., Behroozi et al. 2013a; Yang et al. 2013) . In addition, the broad stellar mass range probed by these ELGs makes them good tracers of the galaxy stellar mass function (SMF), especially the region around the knee of the SMF (Comparat et al. 2017b) .
Some of the physical and clustering properties of the ELGs have been investigated in previous studies. For example, by combining the ELG galaxy samples in the VIMOS VLT Deep Survey (VVDS; Le Fèvre et al. 2013) and the DEEP2 survey (Newman et al. 2013) , Comparat et al. (2016b) found that the characteristic luminosity of the [O II] luminosity function increases by a factor of 2.7 from z = 0.5 to 1.3. Favole et al. (2016) constructed a sample of g-band selected galaxies from the Canada-France-Hawaii Telescope Legacy Survey (CFHT-LS; Ilbert et al. 2006) , which is expected to be dominated by ELGs in the redshift range of 0.6 < z < 1. They found that the typical host halo mass of ELGs at z ∼ 0.8 is around 10 12 h −1 M (see also Orsi et al. 2014; GonzalezPerez et al. 2018 ) and the satellite fraction of the selected sample is about 22.5%.
The number of observed high-redshift star-forming galaxies with emission line measurements is growing quickly with recent optical and near-infrared surveys (see e.g., Comparat et al. 2016a; Okada et al. 2016; Delubac et al. 2017; Kaasinen et al. 2017; Drinkwater et al. 2018) . But the sample sizes of the current ELG surveys are still not large enough to fully understand the properties of the high-redshift ELGs. The SDSS-IV extended Baryon Oscillation Spectroscopic Survey (eBOSS; Dawson et al. 2016) has recently finished its ELG survey program and the final sample consists of about 0.2 million [O II] ELGs covering the redshift range of 0.6 < z < 1.2. Although the [O II] emitters in eBOSS are mainly used as the cosmological tracers (Zhao et al. 2016 ) and the galaxy spectra are quite noisy, the large ELG sample provides an opportunity to better understand the evolution of starforming galaxies since z = 1.2 and the corresponding stellar-halo mass relations (SHMRs) (Yang et al. 2012; Behroozi et al. 2013a; Beutler et al. 2013; Moster et al. 2013; Lin et al. 2016) .
However, complicated target selections of ELGs in these high-redshift cosmological surveys hinder the direct statistical studies of the evolution of ELGs through cosmic time. It is hard to estimate the sample completeness for these ELGs. Using a semi-analytical model of galaxy formation and evolution, Gonzalez-Perez et al. (2018) found that the sample completeness varies significantly in different surveys and that the eBOSS ELG sample is highly incomplete at both the bright and faint ends of the [O II] luminosity function.
Several methods have been proposed to estimate the sample completeness, e.g., by comparing the observed SMFs with those from deeper imaging observations (Leauthaud et al. 2016 ), using galaxies selected with relaxed color cuts (Tinker et al. 2017) , forwardmodeling the target selections with analytical parametric maximum likelihood method (Montero-Dorta et al. 2016) , or using the clustering redshift method by crosscorrelating a spectroscopic sample with a parent photometric sample (Bates et al. 2018) . Recently, Guo et al. (2018) (hereafter G18) introduced a novel method of simultaneously constraining the galaxy sample completeness and the SHMRs using the incomplete conditional stellar mass function (ICSMF) model. It has the advantage of estimating the sample completeness self-consistently using only the observed galaxy samples, which is also in good agreement with the estimates from other methods (see e.g., Bates et al. 2018) . By applying the method to the SDSS-III Baryon Oscillation Spectroscopic Survey(BOSS; Dawson et al. 2013) , they found that the intrinsic galaxy SMFs can be successfully derived from the ICSMF model, which provides an efficient way of studying the evolution of the galaxy SMF from these incomplete cosmological surveys.
In this paper, we will apply the ICSMF model to the final eBOSS ELG sample in the redshift range of 0.7 < z < 1.2 to constrain the sample completeness, as well as estimating their host halo masses. The derived galaxy intrinsic SMFs for these star-forming galaxies allow us to investigate the evolution of galaxy star formation histories. The eBOSS ELG sample used in this paper is defined as the [O II] emitters with at least one [O II] emission line or the corresponding continuum flux detected (Eq. 1 of Raichoor et al. 2017) . The structure of the paper is constructed as follows. In §2, we describe the galaxy samples and the simulation used in the modeling. We briefly introduce our modeling method in §3 and present the results for the eBOSS ELG in §4. We discuss the results in §5 and summarize in §6.
Throughout this paper, we assume a spatially flat ΛCDM cosmology, with Ω m = 0.307, h = 0.678, Ω b = 0.048 and σ 8 = 0.823, consistent with the constraints from Planck (Planck Collaboration et al. 2014) and with the simulation used in our modeling (see §2). For the galaxy stellar mass estimates, we assume a universal Chabrier (2003) initial mass function (IMF), the stellar population synthesis model of Bruzual & Charlot (2003) and a time-dependent dust attenuation model of Charlot & Fall (2000) . All masses are in units of M .
DATA

eBOSS ELG Sample
The eBOSS is one of three key surveys comprising SDSS-IV, aiming at constraining the cosmological parameters at percent levels (Blanton et al. 2017) . The ELGs are one of the four tracers of the underlying matter density field in eBOSS. About 300 plates are dedicated to the ELG observation, starting in 2016 (Dawson et al. 2016) .
Though pilot surveys demonstrated that a target selection based on the SDSS imaging passed the eBOSS requirements (Comparat et al. 2016a; Raichoor et al. 2016; Delubac et al. 2017) , the deep grz-band photometry of the Dark Energy Camera Legacy Survey (DECaLS 14 ) enables a more efficient target selection. Thus, the eBOSS ELG target selection ) has been done on the DECaLS grz-band photometry. The [O II] emitters are selected with the following color and magnitude cuts. For the northern galactic cap (NGC), the selection cuts are 21.825 < g < 22.9
(1) −0.068(r − z) + 0.457 < g − r < 0.112(r − z) + 0.773 (2) 0.637(g − r) + 0.399 < r − z < −0.555(g − r) + 1.901,
while for the southern galactic cap (SGC), the cuts are 14 http://legacysurvey.org -Distribution of the ELGs as a function of redshift and stellar mass. The dotted lines show the redshift and stellar mass cuts of the sample used in this paper. We are selecting galaxies in the redshift range of 0.7 < z < 1.2 and stellar mass range of 10 < log(M * /M ) < 11.6. The color scales represent the logarithmic number counts at the redshift and stellar mass intervals. changed to 21.825 < g < 22.825 (4) −0.068(r − z) + 0.457 < g − r < 0.112(r − z) + 0.773 (5) 0.218(g − r) + 0.571 < r − z < −0.555(g − r) + 1.901. (6) The different cuts for NGC and SGC are applied to account for difference in imaging depth, the deeper SGC imaging permitting a selection closer to the low-redshift locus in the grz-diagram. The selection boxes in the g-r and r-z plane are adopted to maximize the fraction of 0.7 < z < 1.1 [O II] emitters. We refer the readers to Raichoor et al. (2017) for details (their Table 2 and Figure 4 ).
The observation of the eBOSS ELG program was completed in February 2018. The final ELG sample consists of ∼222,000 galaxies with a reliable z spec measurement; once all the angular masks are applied, the ELG footprint covers a total area of ∼ 830 deg 2 (A. Raichoor et al. in preparation) . We show in Figure 1 the angular distribution of the ELG sample for the NGC (upper panel) and SGC (lower panel), respectively.
The galaxy stellar mass is estimated for each object by performing the spectral energy distribution (SED) fitting to the photometry of grz bands in DECaLs and W 1W 2 Raichoor et al. 2017) . In order to match the stellar mass estimates of G18 with the same IMF and SPS model assumptions but with the dust attenuation law of Charlot & Fall (2000) , we increase the stellar mass in the ELG pipeline by 0.15 dex to take into account the difference in the dust attenuation laws, as found by Pérez-González et al. (2008) (see also Rodríguez-Puebla et al. 2017) .
The stellar mass distribution of ELGs at different redshifts is displayed in Figure 2 . As for any other ELG samples to measure the baryon acoustic oscillations, the eBOSS ELG target selection aims to select a homogeneous sample of strong [O II] emitters with a given sky density within a given redshift range. As a consequence, the eBOSS ELG sample is not mass-complete. More massive ELGs are observed at higher redshifts by the g-band flux limits. In this paper, we focus on the redshift range of 0.7 < z < 1.2 and only use the ELGs with 10 < log(M * /M ) < 11.6. The redshift and stellar mass selection cuts are shown as the dotted lines in Figure 2 .
In order to study the evolution of the SMF for the ELGs, we divide the sample into four redshift bins from z = 0.7 to 1.2, with a bin size of ∆z = 0.1 for z < 1 and a larger bin size of 1 < z < 1.2 to achieve enough signal-tonoise (S/N) for the clustering measurements. We display the number of ELGs in each subsample, N tot , and the corresponding number densities,n g , in Table 1 .
Dark Matter Simulation
To apply the ICSMF model, we directly use the dark matter halo catalogs from the Multidark Planck simulation (MDPL 15 ; Klypin et al. 2016) , with the cosmological parameters of Ω m = 0.307, Ω b = 0.048, h = 0.678, n s = 0.96 and σ 8 = 0.823. The simulation has a box size of 1 h −1 Gpc and a mass resolution of 1.5 × 10 9 h −1 M . The simulation resolution is high enough to resolve the host halos for the ELGs, which is around 10 12 M (Favole et al. 2016) . The dark matter halos and subhalos in the simulation are identified with the ROCKSTAR phase-space halo finder (Behroozi et al. 2013b) . We use four different redshift outputs of z = 0.740, 0.859, 0.944 and 1.077 from MDPL, roughly corresponding to the median redshifts of the four ELG subsamples.
METHOD
In this section, we briefly introduce the main ingredients of the ICSMF model of G18, which is based on the traditional conditional stellar mass function (CSMF) framework (see e.g., Yang et al. 2012; . By incorporating the stellar mass completeness, the ICSMF model is able to use the observed (incomplete) galaxy SMF and the two-point correlation function (2PCF) to simultaneously constrain the sample completeness and the galaxy SHMR. We refer the readers to G18 for more details.
ICSMF Model Ingredients
The three key ingredients of the ICSMF model are the CSMF, the SHMR and the stellar mass incompleteness. As in Yang et al. (2012) and G18, we assume a log-normal distribution for the central galaxy CSMF, i.e., the average number of central galaxies with stellar mass M * in host halos of given mass M ,
2σ 2 * (7) where σ * characterizes the scatter of galaxy stellar mass at a given halo mass and the function M * |M is the average central galaxy stellar mass in halos of mass M , i.e. the SHMR. Following Yang et al. (2012) , we assume a constant scatter σ * of max(0.173, 0.2z) at a given redshift z and the functional form for M * |M is assumed to be a broken power law, (Yang et al. 2009; Wang & Jing 2010 )
where M * ,0 , M 1 , α, and β are the four model parameters. The values of α + β and α represent the low and highmass end slopes of the SHMR, respectively. In G18, the stellar mass completeness is decomposed into the contributions from the central and satellite galaxies. After trying the model as in G18, we find that for the eBOSS ELG samples, the separate contributions of the central and satellite completeness functions are not well constrained and they have similar completeness functions. Therefore, in this paper, we only assume an overall stellar mass completeness function, c(M * ), for all galaxies, as follows,
where erf is the error function and the three free parameters are f c , M * ,c , σ c . In G18, the ICSMF model was applied to the galaxies in the SDSS-III Baryon Oscillation Spectroscopic Survey (BOSS; Dawson et al. 2013 ) at 0.1 < z < 0.8 for 10
11 M < M * < 10 12 M , where the red/quiescent galaxies dominate the galaxy SMF. However, for the eBOSS ELG sample, the galaxy stellar mass spans two orders of magnitudes from 10 10 M to 10 12 M , where the star-forming galaxies are not always dominating the whole galaxy population. In order to properly model the eBOSS ELGs that are mostly star-forming galaxies (Zhu et al. 2015; Comparat et al. 2016a) , we need to quantify the number of star-forming galaxies in a given halo, which requires the measurements for the quiescent galaxies. Since the fraction of quiescent galaxies (i.e., quenched fraction) does not have strong evolution in 0.7 < z < 1.2 (see e.g., Moustakas et al. 2013; Muzzin et al. 2013; Tomczak et al. 2014) , it is possible to constrain the quenched fraction using both the eBOSS ELGs and the BOSS LRGs in the overlap redshift range of 0.7 < z < 0.8.
Here, we assume that the quenched fraction f q is a function of the host halo mass Zu & Mandelbaum 2016) , which provides more flexiblity of the modeling as the star-forming and quenched galaxies could have different SHMRs. We adopt a similar functional form as in Peng et al. (2012) for quenched (f q ) and star-forming galaxies (f sf ) as follows,
The free parameter M q characterizes the mass scale where half of the halos at a given mass M contain quenched central galaxies. We note that with the incorporation of the quenched fraction, c(M * ) is just the completeness function relative to the star-forming galaxy population, but not to the whole population. We will adopt the same value of M q constrained by the joint modeling of the eBOSS ELGs and BOSS LRGs in 0.7 < z < 0.8 for all higher redshift samples, as will be detailed in §4.1.
3.2.
Modeling the 2PCF Measurements With the above four ingredients, we are able to predict the incomplete halo (subhalo) occupation functions for the central (satellite) ELGs in the stellar mass range of M * ,1 < M * < M * ,2 , as
where the subscripts 'c' and 's' are for the central and satellite galaxies, respectively, and M acc is the subhalo mass at the last accretion epoch. We have assumed that the satellite galaxies have the same CSMF as the centrals when they are distinct halos at the last accretion epoch. The possible evolution of Φ sf c (M * |M ) and satellite galaxy stellar mass after accretion have been ignored (see Yang et al. 2012 , for a more sophisticated model).
To compare with the traditional halo occupation distribution (HOD) (see e.g., Zheng et al. 2005 Zheng et al. , 2007 Zehavi et al. 2011) , we can estimate the occupation function of the satellite galaxies in the host halo, N s (M ) , as follows,
where Φ sf s (M * |M ) is the CSMF for the satellite galaxies and n s (M acc |M ) is the subhalo mass function in host halos of mass M .
With the central and satellite HODs, the galaxy 2PCFs and the observed ELG SMFs can be predicted with the MDPL halo and subhalo catalogs in order to constrain the model parameters. We apply the efficient simulationbased method of Zheng & Guo (2016) to compute the 3D galaxy 2PCF, ξ(r p , r π ), where r π and r p are the separations of galaxy pairs along and perpendicular to the line-of-sight (LOS).
In detail, The 3D galaxy 2PCF ξ(r) is measured as,
where n h (M ) and n s (M acc ) are the halo and subhalo mass functions, respectively, with i and j for different halo mass bins. The galaxy number densityn g is computed as,
, and ξ ss (r; M acc,i , M acc,j ) are the tabulated 2PCFs of the halohalo, halo-subhalo, and subhalo-subhalo pairs, measured directly in the simulation.
To reduce the effect of redshift-space distortion (RSD), we focus on the measurements of the projected 2PCF w p (r p ) (Davis & Peebles 1983) , defined as,
where r π,max is the maximum LOS distance to achieve the best S/N.
3.3. Modeling Observed Galaxy SMFs By decomposing into the central and satellite contributions, the observed (incomplete) galaxy SMF of the ELGs can be predicted as,
In summary, we have four free parameters (M * ,0 , M 1 , α, and β) for the stellar-halo mass relation (Eq. 8), another three parameters (f c , M * ,c , σ c ) for the incompleteness component, and one parameter (M q ) for the quenched fraction. The predictions of w p (r p ) and Φ sf (M * ) can be compared with those measured in the observed galaxy samples to obtain the best-fitting model parameters.
Observational Measurements
The 3D galaxy 2PCF ξ(r p , r π ) and the projected 2PCF w p (r p ) for the ELGs are measured with the LandySzalay estimator (Landy & Szalay 1993) . We show in Figure 3 the measurements of ξ(r p , r π ) for samples at the different redshifts. Although the measurements of ξ(r p , r π ) are noisy on most scales, there are apparent Fingers-of-God (Jackson 1972 ) and Kaiser squashing effects (Kaiser 1987 ) on small and large scales, respectively. Similar to the measurements of Guo et al. (2013) for BOSS galaxies at z ∼ 0.55, most of the clustering signals for the ELGs are located within a LOS distance of 20 h −1 Mpc. Therefore, in order to achieve the best S/N ratio especially for the high redshift ELG samples, we only integrate ξ(r p , r π ) to r π,max = 20 h −1 Mpc for the measurements of w p (r p ). The residual RSD effect is taken into account in the theoretical model predictions with the same LOS distance in Eq. 18.
We choose logarithmic r p bins with a width ∆ log r p = 0.2 from 1 to 63.1 h −1 Mpc, and linear r π bins of width ∆r π = 2 h −1 Mpc from 0 to 20 h −1 Mpc. We measure the projected 2PCFs for the three stellar mass bins from M * = 10 10 M to 10 11.5 M with a bin size of ∆ log M * = 0.5 at different redshifts. The observed SMF Φ sf (M * ) is measured in the stellar mass range of 10 10 M < M * < 10 11.6 M with a logarithmic width of ∆ log M * = 0.2.
ICSMF Model Constraints
We estimate the error covariance matrices for w p (r p ) and Φ sf (M * ) using the jackknife re-sampling technique with 100 subsamples as in G18. The cross-covariance between the w p (r p ) measurements for the different stellar mass bins are also taken into account in the full covariance matrix. We only use the diagonal elements of the covariance matrix of Φ sf , as the uncertainties from systematic effects of stellar mass measurements are hard to estimate (Mitchell et al. 2013 ). The contribution of Poisson noise to the observed ELG SMF is added in quadrature to σ Φ sf .
We apply a Markov Chain Monte Carlo (MCMC) method to fully explore the model parameter space. The probability likelihood surface is determined by χ 2 as follows,
where C wp is the full error covariance matrix of w p (r p ). The quantity with (without) a superscript ' * ' is the one from the data (model).
3.6. ICSMF Model Predictions With the best-fitting model constraints, we can also infer other properties of the ELG samples, e.g., the galaxy bias, the satellite fraction and the intrinsic galaxy SMFs. The galaxy bias for the stellar mass range of M * ,1 < M * < M * ,2 can be directly estimated as , We adopt the halo bias fitting function of Tinker et al. (2010) for b h (M ) (see also Comparat et al. 2017a) and N (M ) is the average halo occupation number for galaxies in this stellar mass bin. The average galaxy bias b g of each galaxy sample can be obtained by using the halo occupation numbers for the whole stellar mass range in Equations. 12 and 13.
The satellite galaxy fraction, f sat (M * ), in the observed ELG sample can be estimated as,
The average satellite fraction of the whole galaxy sample at a given redshift interval is
Most importantly, we can infer the intrinsic galaxy SMF for the star-forming population,Φ sf (M * ), as,
We can further predict the intrinsic galaxy SMF for the quenched galaxies,Φ q (M * ), and that of the total population,Φ(M * ), as,
where we have assumed different conditional stellar mass functions, Φ sf c (M * |M ) and Φ q c (M * |M ), for star-forming and quenched galaxies, respectively.
In principle, the quenched and star-forming galaxies can have different SHMRs. However, the level of differences is still under debate in the literature, even for the well-measured galaxy populations from the SDSS main galaxy sample at z ∼ 0 (see Wechsler & Tinker 2018 , for a review and references therein, especially their Figure 10 ). It is still not quite clear whether the SHMRs of the starforming and quenched galaxies are significantly different from each other at high redshifts (see e.g., Tinker et al.
2013
, for an analysis using samples with photometric redshifts). In this study, with both the eBOSS ELGs and BOSS LRGs at the same redshift range of 0.7 < z < 0.8, we are able to discriminate the possible differences between the CSMFs of the two populations.
RESULTS
Fitting the Observables via two steps
We show in Figure 4 the projected 2PCF measurements (upper panels) and the observed SMFs (lower panels) for the eBOSS ELGs at 0.7 < z < 1.2. In the upper panels, the symbols of different colors are for the ELGs in the different stellar mass bins. The clustering amplitudes of w p (r p ) for the two stellar bins of log(M * /M ) < 11 are almost overlapping with each other, reflecting the flatting trend of the galaxy bias at the lower mass end, similar to the situation in the SDSS main galaxy sample (see e.g., Li et al. 2006; Zehavi et al. 2011 ). The observed ELG SMFs (blue circles) are shown in the lower panel of Figure 4 .
Before we fit to the data in all redshift bins, as we pointed out in §3.1, the quenched fraction f q (M ) can be properly constrained by jointly modeling the eBOSS ELG and BOSS LRG samples. As these data are available only in the redshift interval of 0.7 < z < 0.8, we first focus on this redshift bin to make our model constraints.
Following G18, the BOSS LRG is selected from the Data Release 12 of the BOSS galaxy sample (Reid et al. 2016) , by applying the additional color selection of g − i > 2.35 to remove the blue/star-forming galaxies as proposed in Masters et al. (2011) (see also Maraston et al. 2013) . The clustering measurements for BOSS LRGs are presented in two stellar mass bins of 11 < log(M * /M ) < 11.5 and 11.5 < log(M * /M ) < 12, while the SMF is measured in 11 < log(M * /M ) < 12 with a bin size of ∆ log M * = 0.1. We refer the readers to Section 2.1 of G18 for more details of the BOSS galaxy sample. As a reference, the SMF measurement of the BOSS LRGs at 0.7 < z < 0.8 is also shown in the lower-left panel of Figure 4 as the red circles. Obviously, the high-mass end of the galaxy SMF is dominated by the quenched (red) galaxies.
As the BOSS LRGs were observed with completely different target selections from those of the eBOSS ELGs, and to see if they have different Φ -Projected 2PCF measurements (upper panels) and the observed SMFs (lower panels) for the eBOSS ELGs at 0.7 < z < 1.2. In the upper panels, the symbols of different colors represent wp(rp) for different stellar mass bins as labeled and the corresponding solid lines are the best-fitting models. In the lower panels, the observed SMF measurements and the best-fitting models are shown as the symbols and lines, respectively. For the redshift bin of 0.9 < z < 1, only nine data points are shown, as there is no observed ELGs in the largest stellar mass bin. Our best-fitting models are in very good agreement with the observed clustering and SMF measurements. in Equation (8) and three parameters (f c , M * ,c , σ c ) for the LRG stellar mass completeness function as in Equation (9). The observed galaxy clustering and SMF measurements of the BOSS LRGs can be modeled by replacing f sf (M ) with f q (M ) in Equations (12)
-(21).
With all these data and models available for galaxies in the redshift interval of 0.7 < z < 0.8, we proceed to make our model constraints using MCMC method. The best-fitting quenched fraction f q (M ) is shown as the open circles in Figure 5 , with the best-fitting value of log(M q /M ) = 12.83 ± 0.24, which is in good agreement with that obtained in Tinker et al. (2013) (their Figure 9) .
Assuming that this quenched fraction f q (M ) with the best-fitting value of log(M q /M ) = 12.83 will not evolve significantly, which is also supported by the lack of evolution of f q (M * ) from the literature, in our second step, we proceed to make our model constraints for the eBOSS ELGs in the redshift range of 0.8 < z < 1.2 16 . We show in Figure 4 the best-fitting models using the corresponding solid lines, for w p (r p ) (upper panels) and SMF (lower panels), respectively. Our best-fitting models show very good agreement with the measured w p (r p ) at all redshifts and stellar mass bins. In addition, given the small errors of the SMF measurements, the good agreement between the two demonstrates that our functional form of the stellar mass completeness is reasonable.
Finally, the best-fitting model parameters are displayed in Table 2 , where the average satellite fraction f sat and average galaxy bias b g at each redshift interval are also given. In addition to these fiducial modeling and fitting, we have also tested some alternatives of quenching and scatter modeling to check the robustness of our results, which are provided in the Appendix.
Model constraints
After we constrain our models as outlined in Section 4.1, we provide the related model constraints in this subsection.
Stellar Mass Completeness
We show in Figure 6 the best-fitting stellar mass completeness functions at different redshifts as the blue solid lines, with the shaded regions as the 1σ error distributions. As seen from the figure, as a result of the compli- Parameter 0.7 < z < 0.8 0.8 < z < 0.9 0.9 < z < 1.0 1.0 < z < Note. -The average satellite fraction fsat and average galaxy bias bg of the ELG samples at each redshift interval are also displayed. 
TABLE 3
Completeness Functions log c(M * ) for eBOSS ELGs log(M * /M ) 0.7 < z < 0.8 0.8 < z < 0.9 0.9 < z < 1.0 1.0 < z < Note. -The measurements are shown for the completeness function, log c(M * ), of the whole ELG samples at different redshifts, as defined in Eq. (9). cated target selections, the eBOSS ELG sample is very incomplete, with the average high-mass end completeness varying from about 1% to 10% depending on the redshift. The BOSS LRG sample completeness at 0.7 < z < 0.8 is shown as the red solid line with shaded area in the left most panel. The BOSS LRG sample is more complete at the massive end where they dominate the galaxy SMF.
The ELG samples at lower redshifts are relatively more complete than the higher redshift ones, as the target selection cuts are designed to choose galaxies in the redshift range of 0.7 < z < 1.1. The completeness of the ELG samples decreases significantly towards the low mass end. For galaxies with stellar mass around 10 10 M , the eBOSS ELG sample only consists of less than 1% of the star-forming galaxy population. The values of the stellar mass completeness for eBOSS ELGs are listed in Table 3 . We caution that the low completeness of the eBOSS ELGs makes them less representative of the whole star-forming galaxy population, which can be improved with the next-generation ELG surveys with higher completenesses as in DESI (see e.g., Gonzalez-Perez et al. 2018 ). We show in the top panels of Figure 7 the predicted SHMRs of ELGs as the blue circles with errors. The SHMR of the BOSS LRG in 0.7 < z < 0.8 is shown as the red circles in the left most panel. There is only weak evolution in the shape of the ELG SHMR from z = 1.2 to z = 0.7 for halos of log(M/M ) < 13. The high-mass end slope α of the SHMR is around 0.35 at 0.7 < z < 0.8, while it becomes very flat (α ∼ 0) for higher redshift samples. It implies that there are only very few star-forming galaxies of M * > 10 11.2 M at these redshifts. But the SMFs of the star-forming galaxies at the massive end is still not vanishing due to the large scatter σ * for the high redshift samples. However, we caution that the error on the best-fitting slope α may be underestimated in our model, as it is mainly constrained by the observed SMFs. The constraining power of the clustering measurements is weakened by the low S/N.
Stellar-Halo Mass Relation
By comparing the SHMRs between the eBOSS ELG and BOSS LRG samples at 0.7 < z < 0.8, we find that the ELGs and LRGs have very similar SHMRs for halos of log(M/M ) < 12. For more massive halos, there are significant differences between the two SHMRs, with the quiescent galaxies having a much steeper slope at the massive end as also shown in Figure 9 of G18. Tinker et al. (2013) have constrained the SHMRs for the quiescent and star-forming galaxies over the redshift range of 0.2 < z < 1 by using measurements of the galaxy angular clustering and galaxy-galaxy lensing in the COSMOS field. For fair comparisons, we also show the results of Tinker et al. (2013) at 0.74 < z < 1 as the red and blue solid lines for the quiescent and star-forming populations, respectively. The trend of discrepancy between the two SHMRs is in good agreement with those of Tinker et al. (2013) . They attributed the differences to the much larger scatter σ * of the star-forming galaxies in their models. However, in our model, we assume the same scatter σ * for both the star-forming and quiescent galaxies. Therefore, the differences in the SHMRs may reflect the intrinsic variation in the average galaxy stellar mass at a given halo mass for the two populations.
We note that the high mass end of the galaxy SMF is dominated by the quiescent galaxies. Since most previous results of the galaxy SHMR constraints come from fitting the overall galaxy SMFs (see e.g., Yang et al. 2012; Behroozi et al. 2013a; Moster et al. 2013; Rodríguez-Puebla et al. 2017 ), they are not directly comparable to our model predictions of the ELG SHMR at these redshifts.
We show in the bottom panels of Figure 7 the stellarto-halo mass ratios as a function of the halo mass at different redshifts. The peaks of the stellar-to-halo mass ratio happen at around M ∼ 10 12 M , consistent with the findings in the literature (see e.g., Yang et al. 2012; Behroozi et al. 2013a) . It is interesting that the peak locations of the stellar-to-halo mass ratios for the quiescent and star-forming galaxies are roughly coincident with each other. It implies that the transition from the star-forming to quiescent galaxies might be most efficient in halos of M ∼ 10 12 M .
4.3.
Model predictions With the above model constraints, as we outlined in Section 3.6, it is quite straightforward to make some model predictions, such as the intrinsic galaxy SMFs, the HOD, the galaxy bias and the satellite fraction.
Intrinsic Galaxy SMFs
We show in Figure 8 the predicted intrinsic galaxy SMFs as black open circles for the star-forming galaxies from our best-fitting models. The measurements of the intrinsic SMFs for the star-forming galaxies are also displayed in Table 4 . We show for comparison the previous measurements in the literature at the corresponding redshifts, including Ilbert et al. (2013) , Moustakas et al. (2013) , Muzzin et al. (2013) and Tomczak et al. (2014) as crosses of different colors. The local-universe measurements of Moustakas et al. (2013) at z ∼ 0 are shown as the solid line in each panel to see the evolution effect. We have corrected the different assumptions of the IMF, SPS models and dust attenuation laws in the lit- Fig. 8 .-Intrinsic stellar mass functions for the star-forming galaxies. The black circles are our best-fitting models, while crosses of different colors represent the previous measurements of Ilbert et al. (2013) , Muzzin et al. (2013) , Moustakas et al. (2013) , and Tomczak et al. (2014) . The measurements at the low redshifts of z ∼ 0 from Moustakas et al. (2013) are also shown as the black solid line in each panel for comparisons. The dotted line in each panel shows the observed eBOSS ELG SMF.
TABLE 4
Intrinsic SMF logΦ sf (M * ) For Star-Forming Galaxies log(M * /M ) 0.7 < z < 0.8 0.8 < z < 0.9 0.9 < z < 1.0 1.0 < z < 
.658 ± 0.162 10.637 ± 0.077 −1.253 ± 0.328 0.8 < z < 0.9 −2.559 ± 0.039 10.585 ± 0.020 −0.791 ± 0.123 0.9 < z < 1.0 −2.793 ± 0.043 10.735 ± 0.018 −0.936 ± 0.095 1.0 < z < 1.2 −2.939 ± 0.059 10.938 ± 0.024 −1.071 ± 0.096 erature following Rodríguez-Puebla et al. (2017) , to be consistent with our model assumptions. The blue open triangles are the observed galaxy SMFs as in Figure 4 , with the dotted lines showing the best-fitting models. Our best-fitting models for intrinsic galaxy SMFs of the star-forming galaxies are generally in good agreement with the literature. While at the low-mass end (M * < 10 10 M ) the SMFs from the previous literature are roughly consistent with each other, there are larger discrepancies for more massive galaxies. As those previous measurements are made with photometric redshifts covering small but deep survey area, the variations could be caused by the sample variance effect due to the limited volumes and also other systematic effects, such as the different methods to estimate the galaxy stellar mass and to discriminate between the star-forming (blue) and quiescent (red) galaxies.
As the eBOSS ELG sample covers a significantly larger volume than the previous surveys, it is less suffered from the sample variance effect. In addition, the star-forming galaxies are identified with the [O II] emission line, which is more reliable than the discrimination method with the color-magnitude diagram used in previous surveys. However, we note that the stellar masses of the eBOSS ELGs are obtained with a small number of available bands in DECaLs and WISE. The stellar mass estimates from the SED fittings are therefore less accurate compared to the previous deep surveys with broadband photometry.
For the star-forming galaxy population, there is only weak evolution of the SMF at M * < 10 11 M from z = 1.2 to 0.7. However, our best-fitting models predict that the number density of ELGs with M * > 10 11 M decreases significantly over the same redshift range. Compared to the SMF measurements of the star-forming galaxies at z ∼ 0, it seems that there is almost no evolution from z ∼ 0 to z = 0.9, which is consistent with the conclusions of previous measurements as in Ilbert et al. (2013) and Muzzin et al. (2013) .
To quantitatively compare with the corresponding measurements in literature, we also fit the intrinsic SMFs for the star-forming galaxies with the standard single Fig. 9 .-Intrinsic stellar mass functions for the star-forming galaxies (left panel), quiescent galaxies (middle panel) and all galaxies (right panel) at 0.7 < z < 0.8. The black circles are our best-fitting models, while crosses of different colors represent the measurements of Pérez-González et al. (2008) , Ilbert et al. (2013) , Muzzin et al. (2013) , Moustakas et al. (2013) , Tomczak et al. (2014) and G18. The black solid lines are the measurements at z ∼ 0 from Moustakas et al. (2013) . The open triangles with the dotted lines are the observed eBOSS ELG SMF and the corresponding best-fitting models. For comparing purpose, we have extended our predicted galaxy SMFs over the whole stellar mass range of 10 10 M < M * < 10 12 M .
Schechter function (Schechter 1976) ,
The best-fit parameters Φ * , M * c and α * are shown in Table 5 .
As we have the measurements for both the quiescent and star-forming galaxies at 0.7 < z < 0.8, we can predict the total galaxy SMF at this redshift and compare with the literature to check the performance of the best-fitting model. We show in Figure 9 the intrinsic SMFs for the star-forming galaxies (left panel), quiescent galaxies (middle panel) and all galaxies (right panel) at 0.7 < z < 0.8. As in Figure 8 , we also show for comparison the various measurements from the literature, including those from Pérez-González et al. (2008) , Ilbert et al. (2013) , Muzzin et al. (2013) , Moustakas et al. (2013) , Tomczak et al. (2014) and G18. For comparing purpose, we have extended our predicted galaxy SMFs over the whole stellar mass range of 10 10 M < M * < 10 12 M , although the observed quiescent and star-forming galaxy SMFs (shown as the blue open triangles) are only limited to smaller stellar mass ranges. The corresponding best-fitting models to the observed SMFs are displayed as the dotted lines.
Our measurements of the total galaxy SMF show good agreement with that of G18, as we are using the same set of BOSS LRG data. In general, our measurements of the intrinsic SMFs are in agreement with those from the literature. There are slightly larger discrepancies in the different measurements of the quiescent galaxy SMF at M * < 10 11 M . While our measurements are simply extensions of the models for the more massive BOSS LRGs, it is hard to justify the discrepancies. But the total galaxy SMFs from our model and those from the literature tend to be consistent with each other.
Comparing to the galaxy SMF measurements at z ∼ 0 from Moustakas et al. (2013) (solid black lines), it seems that there is significant evolution in the SMF of the quiescent galaxies from z ∼ 0 to z = 0.8. Detailed study of the evolution of the galaxy SMF, as well as the star formation processes, will be presented in the future work.
This figure implies that our method is a powerful way of reconstructing the galaxy intrinsic SMFs with incomplete survey samples and studying the process of galaxy quenching. Measurements of both the quiescent and starforming galaxies at the same redshifts (as in e.g., DESI) would help further constrain the galaxy SMFs of different populations over much larger redshift ranges.
Halo Occupation Distribution
We show the best-fitting halo occupation distribution function N (M ) for the observed ELGs in different redshift bins in the top panels of Figure 10 . The central and satellite galaxies are shown with red dotted lines and blue dotted lines, respectively. The shaded area represent the 1σ error distribution. The occupation functions differ from the standard HOD form of Zheng et al. (2007) with the significant decrease of occupation numbers at the massive end (see also Geach et al. 2012; Contreras et al. 2013 ). Because we are only including the starforming galaxies that have additional dependence on the quenched fraction f q (M ). The massive halos are dominated by the red/quiescent central galaxies. In our bestfitting models, the satellite occupation functions become flat at the massive end, due to the lack of star-forming satellite galaxies in very massive halos.
We also compare our best-fitting models to the predictions from the semi-analytical model (SAM) of GALFORM with updated model treatments of GonzalezPerez et al. (2018) (hereafter GP18) as described in Griffin et al. (2018) (also V. Gonzalez-Perez et al., in prep.) , which are shown as the red and blue solid lines for central and satellite galaxies, respectively. The galaxies from the SAM of GP18 were selected using flux, magnitude and color cuts to mimic the eBOSS ELG target sample from Raichoor et al. (2017) . Our predictions show good agreement with GP18 for the low-mass cutoff profiles, i.e., the ELGs usually live in halos more massive than 10 11.4 M . It sets the requirement of the simulation resolution to generate the mock galaxy samples for the observed ELGs (see e.g., Chuang et al. 2015; Lippich et al. 2018) . However, the central galaxy occupation functions of GP18 are significantly smaller than our model predictions for more massive halos, which may be due to the treatment of the dust attenuation for the most massive star-forming galaxies in the SAM .
We also note that the predicted number densities of the [O II] emitters in the GALFORM model are significantly smaller than the observed ones in the eBOSS sample at z > 0.8 (see Figure 5 of . Moreover, the satellite fraction for the ELGs in the GP18 model is only around 5%, implying that the star formation in the satellite galaxies is suppressed too effectively. While our modeling results provide useful constraints to the ELGs in the SAMs, detailed comparisons to the SAMs is beyond the scope of this work.
We show in the bottom panels of Figure 10 the normalized probability distributions of the host halo masses of the central (red lines) and satellite (blue lines) ELGs, which are generated from the product of the occupation function and the differential halo mass function (Zheng et al. 2009; Guo et al. 2014) . The peak halo mass distribution of the central ELGs is around 10 12 M , while the satellite galaxies live more massive halos of 10 12.7 M . There is only weak trend of the evolution in the halo mass distribution at 0.7 < z < 1.2, consistent with the trend in the predicted SHMRs of Figure 7 .
Although our best-fitting models of the occupation functions have small scatters, it is related to the fact that we have assumed a specific functional form of f q (M ). We note that the exact shape of the occupation function at the massive end is slightly dependent on the functional form of f q (M ), as will be discussed in the Appendix. However, the detailed high-mass end shape of the occupation function does not affect our constraints to the host halo mass distributions of the ELGs, as the halo mass function decreases very fast at the massive end.
Satellite Galaxy Fraction
We show the satellite galaxy fraction in the observed ELG samples as the filled circles in Figure 11 . The average satellite fraction f sat of each sample is displayed as the red dotted line. The average satellite fraction varies from about 13% to 17%, with the higher redshift samples having slightly smaller f sat . The satellite fraction f sat (M * ) is generally decreasing with the stellar mass. Since the majority of the observed ELGs are central galaxies, the discrepancies of the satellite occupation functions between our models and that of GALFORM in Figure 10 would not have a significant effect on the predicted sample number densities. Favole et al. (2016) found a satellite fraction of around 22% for a g-band selected galaxy sample in 0.6 < z < 1 using a modified subhalo abundance matching model to include the incompleteness effect. Their result is slightly larger than our estimates, but the detailed value of the satellite fraction is sample dependent, as their photometrically selected sample may include more satellite galaxies.
Galaxy Bias
The galaxy bias b g (M * ) is shown as the filled circles in Figure 12 , where the average galaxy bias b g is also displayed as the dotted lines. The galaxy bias is apparently a strong increasing function of the galaxy stellar mass, varying from 1 to 3. The average galaxy bias b g increases from 1.1 at z ∼ 0.7 to 1.4 at z ∼ 1.2. It is also consistent with the fact that majority of the central ELGs in these redshift ranges live in halos of ∼ 10 12 M that have similar halo bias values.
DISCUSSIONS
The ICSMF model is a powerful method to simultaneously constrain the stellar mass completeness and the SHMR for current and future surveys. The constraining power of the method comes from the accurate measurements of the observed SMFs and galaxy 2PCFs, which rely on the large sample volumes of the galaxy surveys. As shown in the previous section and discussed in G18, the final model constraints are relatively independent of the detailed functional forms of the ICSMF model ingredients, once they are flexible enough to account for the selection effects in the real galaxy survey data.
Different to the many previous deep galaxy surveys with photometric redshifts, the eBOSS ELG survey has obtained accurate redshift information for most of the observed galaxies. By modeling the ELG samples at different redshift intervals independently, we can reliably study the evolution of the star-forming galaxies without assuming any redshift dependency in the model parameters, which may distort the high-redshift results in order to fit the low-redshift measurements. However, limited by the low completeness of eBOSS ELG sample, the clustering measurements at these redshifts are still noisy. The resulting constraints on the SHMRs and intrinsic SMFs are not as accurate as those at low redshifts with volume-limited samples (Zehavi et al. 2011; Yang et al. 2012) . But the ICSMF model still provides reasonable constraints to the galaxy populations at these redshifts.
We note that in principle, the completeness of galaxy populations would depend on their stellar mass, color, and other physical properties. What we obtain in the ICSMF model should be regarded as an average sample completeness at a given stellar mass. Our current eBOSS data are not accurate enough to fully break the degeneracies. We expect the ICSMF model to provide tighter constraints in future large-scale galaxy surveys.
CONCLUSIONS
In this paper, we apply the ICSMF model introduced by G18 to the eBOSS ELG samples over the redshift range of 0.7 < z < 1.2 for galaxies with 10 10 M < M * < 10 11.6 M . By fitting to the observed galaxy clustering and SMF measurements, we are able to constrain the sample completeness, the SHMR and the quenched galaxy fraction at the same time, which serves as a powerful way to study galaxy evolution using the large-scale galaxy surveys. The intrinsic galaxy SMFs are then directly inferred from the ICSMF model for each galaxy sample at different redshifts.
Our main conclusions are summarized as follows.
• The average stellar mass completeness of the eBOSS ELG samples varies from 1% to 10% for different redshift samples. The galaxy samples at z < 1 are slightly more complete, compared to the higher redshift ones.
• There is only weak evolution of the SHMR for ELGs in the redshift range of 0.7 < z < 1.2 for low mass halos of M < 10 13 M , while the highmass end slope α is becoming flat for z > 0.8.
• We have obtained the intrinsic SMFs for ELGs in the four redshift bins ranging between 0.7 < z < 1.2, and the SMF for total galaxies in the redshift bin of 0.7 < z < 0.8.
• The low-mass end (M * < 10 11 M ) of the galaxy SMFs for the star-forming galaxies is roughly unchanged from z = 1.2 to z = 0.7. However, there tends to be much fewer massive galaxies at the lower redshifts.
• The peak halo mass distribution of the central ELGs is around M ∼ 10 12 M , while that of the satellite ELGs increases to M ∼ 10 12.6 M .
• The satellite fraction of the eBOSS ELG varies from 13% to 17% at different redshifts and the average galaxy bias increases from 1.1 at z ∼ 0.7 to 1.4 at z ∼ 1.2. agreement with each other. As discussed previously, the exact high-mass end slopes of the halo occupation functions for both central and satellite galaxies would depend on the detailed model choice of f q (M ), while the differences at the low-mass end are relatively small. As the most massive halos only have minor contributions to the overall halo mass function, the average host halo mass distributions are consistent among different models. The SHMR of "f q (M ) model 2" is still in reasonable agreement with our fiducial model.
In addition, although we have applied a constant M q value constrained from 0.7 < z < 0.8 to higher redshift bins, our model constraints at these redshifts stay roughly the same for varying M q values within the 1σ range of 12.83 ± 0.24, similar to the situation of changing the f q (M ) models. While the SHMR can be constrained by the clustering measurements, changing the f q (M ) will be compensated by the corresponding changes in the stellar mass completeness functions as shown in Eqs. (12)- (21).
